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MRSU Outline

Light Water Reactor Sustainability

Four Major Parts/Steps:

1. Modeling (RELAP)

2. Generate data
. Adaptive sampling
. Reduced order models
. System emulators

3. Analyze time dependent data
. Clustering
. Symbolic conversion

4. Visualize data
. Topology based
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MRSU Data Generation

Light Water Reactor Sustainability

B PRA applications "
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RSU Data Generation

Light Water Reactor Sustainabili

For large systems, several problems arise if MC or DET are used:
« The set of uncertain parameters is very large

«  The computational costs are very high

*  Many regions of the input space are not of interest

The space of the possible solutions can be sampled only very sparsely
This precludes the ability to fully analyze the impact of uncertainties on the system dynamics

Understanding of a system depends heavily on where we query

The scope of adaptive sampling is to identify the:
« Set of relevant parameters
* Regions that are of interest for the user

Performed by iteratively guiding the choice of the next sample by analyzing the previous
sampling history )




LARS

Light Water Reactor Sustainability

Adaptive Sampling

1- Data Driven: Geometlric determination of the 2- Model Driven: Prediction of system outcome
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Light Water Reactor Sustainability

Example of Application: BWR SBO

B Sequence of events

Loss of Power Grid (LOOP)

Diesel Generators fail to Start (SBO)
Reactor Scram and Turbine Trip
Containment Isolation (MSIVs close)

[ RPV depressurization

through ADS (Operator) RHR
Activation

/

RPV Pressure A
RPV Water Level ¥

\_

Control (Operator):

SP Pressure q
SP Temperature A

DC power
extinguished

RPYV Pressure: SRV
RPV Level: RCIC (or HPCI)
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Light Water Reactor Sustainability

Example of Application: BWR SBO

Fire water injection time vs. battery life :> s
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Light Water Reactor Sustainability

MRSU Analyze Time Dependent Data

Scope: Analyze patterns

Type of data: thousands of time dependent transients

Consider the complete time history and not only the

end result

Approach: cluster data into groups

— Define metric
— Input clustering level

Algorithms:
— Data-centric: K-Means

— Model-Centric: Density gradient based (Mean-

Shift)
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L|gh t Water Reactor Sustainability

Analyze Time Dependent Data

Identify correlations h

between system dynamics -

and timing of events g i
P

Identify distribution of events &

for each cluster of scenarios
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Analyze Time Dependent Data

Identify outliers: “bogus” simulations whose
dynamics are different from any other simulation
(e.g., out of validity bounds for simulator
parameters)

System Pressure [Pa)
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MRSU Data Visualization

Light Water Reactor Sustainability

INL internally funded project with Scientific Computing and Imaging Institute
(University of Utah)

Objective: Develop a software tool to visualize high dimensional data as:
system outcome = f @ncertain parameters)

4 h

Timing of events

Max clad temperature HPI water flow rate
Max containment pressure Initial power

Analysis:

« Exploiting the topological and geometric
properties of the domain (Morse-Smale
complex)

* Building statistical models based on its
topological segmentations

* Providing interactive visual interfaces to
facilitate such explorations.




Data Visualization

LWRS

L|gh t Water Reactor Sustainability

B Graphic overview of HDViz to visualize:
system outcome = f (input parameters)

B Visualize the topological structure of fthrough the connection between its min(s)
and max(es)

Range space color mapping -shows
Statistical information the range of the selected crystal and
at selected point . the selected output level
Selected point/curve
1.00

Value: 1.00
Input std: 0.12
Density: 0.2208

Luminance of edge
signifies sampling 0.00
density
Varying width signifies
cell narrows in input
Current rotation space from minimum to

transformation of axes maximum

Persistence graph shows
— the selected persistence
R level as a red block and
value in red indicates
number of cells rendered




1MRSJCH:P Data Visualization: BWR SBO

Light Water Reactor Sustainability

B Example:
— 20,000 simulation runs
— Outcome: Max clad temperature
— 8 uncertain parameters
— 2 maxima and 2 minima
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Four Major Parts/Steps:

1. Modeling (RELAP, MELCOR, MAACS)

2. Generate data
. Adaptive sampling
. Reduced order models
. System emulators

3. Analyze time dependent data
. Clustering
. Symbolic conversion

4. Visualize data
. Topology based




